Campylobacter infection is the most frequently reported notifiable food-borne disease in humans in Australia. Our studies investigated the persistence of Campylobacter spp. in or on darkling beetles (Alphitobius diaperinus) and their larvae. Our results in analyses with chickens confirm that, unless very short turnaround times are used (<72 h), beetles colonized in one production cycle (i.e., one batch of chickens) are most unlikely to still be colonized during the next cycle of chickens.
Campylobacter jejuni is recognized as one of the leading causes of food-borne disease in most parts of the developed world (1) . Epidemiological evidence implicates poultry as the most important source of sporadic cases of Campylobacter infection (3) . Horizontal transmission is generally considered to be the most significant mode of C. jejuni acquisition by broiler flocks, although confirmatory studies using genotyping techniques are needed (8) .
Darkling beetles and their larvae are known to be reservoirs of a range of viruses, bacteria (including Campylobacter), and protozoa (4, 6, 10) . Studies around the world have shown that beetles and/or larvae are only Campylobacter positive if the chickens are positive (2, 5, 6) . Despite this, suggestions that the darkling beetle can play a role in the entry of Campylobacter into a broiler flock continue (2) .
The purpose of the present study was to investigate the survival of Campylobacter spp. in or on darkling beetles and larvae.
Beetle culture. Darkling beetle adults and larvae were maintained in the laboratory in lidded plastic containers on a substrate of 76% bran, 17% chicken feed pellets, and 7% nonfermenting yeast and provided with half an apple for moisture. In experiments where laboratory-bred beetles were used, samples taken from the laboratory colony before the start of all experiments were always Campylobacter negative.
Campylobacter isolation. Beetles and larvae were aseptically removed, anesthetized on ice, and crushed. The swab was streaked onto Karmali Campylobacter agar base (CM935; Oxoid, Melbourne, Australia) containing Campylobacter selective supplement (SR167E) and incubated for 48 h in a modified atmosphere of 85% N 2 , 10% CO 2 , and 5% O 2 . For enrichment, 1.5 ml of Preston broth (nutrient broth no. 2; Oxoid CM67) supplemented with Preston Campylobacter selective supplement (Oxoid SR117E) and Campylobacter growth supplement (SR084E) was added, and the broths were incubated for 18 to 24 h at 42°C and then subcultured on Karmali agar. Individual chicken fecal samples were cultured on Karmali agar. Presumptive Campylobacter colonies were confirmed by microscopy for motility, and a subset was confirmed by PCR (11) .
Prevalence and duration of colonization in naturally infected field-sourced beetles and larvae. Two broiler farms (farm 91 and farm 77) were selected for the study. On each farm, poultry fecal samples, beetles, and larvae were collected from all sheds on the farm. On the day of collection the beetles and larvae were transferred to laboratory culture. Beetles and larvae were withdrawn every 24 h for Campylobacter isolation by direct culture and enrichment.
On farm 91, all 30 chicken fecal samples tested from each shed were Campylobacter positive. All beetles and larvae tested from sheds 1, 2, and 3 were Campylobacter positive at 0 h and negative from 24 to 120 h, except for one group of larvae from shed 2 that tested positive at 24 h. Beetles from shed 4 tested Campylobacter negative at all time intervals from 0 to 120 h, except at 48 h when one sample tested positive. In contrast, the larvae were determined to be Campylobacter positive from 0 h to 72 h and Campylobacter negative at 96 and 120 h.
On farm 77, all 30 chicken fecal samples from each shed tested Campylobacter positive. All beetles and larvae from shed 1 tested Campylobacter positive at 0 h and negative from 24 to 144 h, except for one group of beetles that tested positive at 72 h by direct culture and by enrichment. All beetles and larvae from shed 2 tested Campylobacter positive at 0 and 24 h and negative from 48 to 144 h except for one group of beetles that tested positive at 72 h by direct culture and by enrichment. The beetles from shed 3 tested Campylobacter positive at 0, 24, and 48 h and tested negative from 72 to 144 h. The larvae tested negative from 96 to 168 h, except for one group of larvae at 120 h that tested positive by enrichment only.
Simulated natural infection of laboratory-bred beetles using Campylobacter-positive poultry feces. Beetles were divided into two groups. Group 1 was deprived of apple for 4 days, and group 2 was deprived of apple for 7 days. The beetles were then given freshly collected chicken fecal material every 48 h for a total of 144 h. The beetles were then transferred to fresh containers and tested at this time and subsequently every 24 h for Campylobacter isolation by direct culture and enrichment.
Group 1 beetles were Campylobacter negative on all sam-pling occasions from 0 to 96 h. Group 2 beetles were Campylobacter positive only by enrichment at 0 and 24 h and Campylobacter negative from 48 to 96 h. Artificial infection of laboratory-bred beetles using bacterial cultures. A 5-h mixed culture of the two Campylobacter isolates of different fla A types (7) was prepared containing 2.6 ϫ 10 8 CFU/ml. Beetles in group A were spray inoculated with 20 ml of bacterial culture from a pump-spray bottle. Beetles in group B were allowed to feed for 24 h on apple soaked in 20 ml of the same bacterial culture for 20 min. The beetles were tested every 24 h for Campylobacter isolation by direct culture and enrichment.
The results of artificial inoculation techniques are summarized in Table 1 . Group 1 showed a very high carriage rate at 0 h by direct culture and by enrichment. By 48 h all 10 groups were still testing as Campylobacter positive by enrichment. At 72 h 8 of 10 groups were Campylobacter positive; however, by 96 h only 1 of 9 groups was still positive. The beetles in group 2 also showed a high carriage rate initially. At 48 h 7 of 10 groups were found to be Campylobacter positive by enrichment only. At 72 h all 10 groups were Campylobacter negative, and at 96 h 1 of 10 groups was positive by enrichment only.
It has been well documented that darkling beetles have the potential to play a role in the epidemiology of Campylobacter on broiler farms (2, 6, 10) . The purpose of the present study was to determine how long Campylobacter persists in or on beetles and larvae once they are removed from the organism's source, for example, Campylobacter-positive chicken feces.
Our study of naturally infected beetles and larvae collected in chicken sheds and transferred to the laboratory was hampered by the lower-than-expected prevalence of Campylobacter spp. in the insects collected on both study farms. The majority of beetles and larvae from both farms tested positive for a maximum of 72 h after collection. The exception was a single isolation from larvae from shed 3 by enrichment at 120 h.
These results indicated that Campylobacter generally did not survive more than about 72 h in beetles and larvae once they were removed from the source of Campylobacter. We wanted to verify this result by starting with a population of beetles with higher initial levels of colonization, so we decided to artificially infect beetles by feeding them Campylobacter-positive chicken feces, mimicking how they acquire the organism in the field. However, with this method, even when beetles were deprived of moisture for 7 days, a very low infection rate was achieved. All samples were negative by 48 h.
At this point we were unable to determine whether the apparent short survival time was representative of what occurs in the field or if our inoculation technique was failing. Therefore, artificial infection methods were used in an attempt to achieve a higher Campylobacter carriage rate in the beetles, allowing us to study how long the beetles maintain the organism.
We developed two new inoculation methods, spraying beetles with Campylobacter broth culture and allowing beetles to feed on apple pieces that had been soaked in Campylobacterpositive broth. Our findings demonstrated that these two methods of inoculation achieved a much higher colonization rate than fecal exposure. Not only were more samples positive, but samples were positive by direct culture too, indicating that there were higher numbers of bacteria per beetle. These exposure methods are clearly an experimental phenomenon and are not representative of what happens in the field. Despite this, after spray inoculation, only one of nine sample lots remained positive at 96 h and only by enrichment. In the apple inoculation group, all of the beetles tested negative at 72 h, and only one of ten sample lots tested positive at 96 h. It was unfortunate that another sampling event was not included in the experimental design. However, it is unlikely that any organisms would have remained since only one sample tested positive, and only by enrichment, in the last sampling occasion, indicating that very low levels of bacteria were present.
Our experimental results suggest that C. jejuni does not survive for extended periods on/in darkling beetles or larvae. However, continuous exposure to Campylobacter-positive food sources enables them to become short-term carriers during the production cycle. For this reason they could play a role in horizontal transmission. Our experimental studies on naturally and artificially infected beetles detected Campylobacter-positive beetles at greater than 72 h postexposure on only one occasion. This matches with the findings of Strother et al. (10) , who reported a maximum survival time of 72 h in the interior of the larvae. This suggests that unless very short turnaround times are used-less than 72 h-beetles colonized in one cycle are most unlikely to be still colonized at the placement of the next cycle of chickens. These findings agree with those of Skov et al. (9) that the darkling beetle is not a likely source of the carryover of Campylobacter from flock to flock due to the short duration of bacterial carriage by the beetle.
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